Escherichia coli GH352, which was originally described as a temperature-sensitive strain containing a thermolabile acyl coenzyme A:monoacylglycerol 3-phosphate acyltransferase, does not now contain a thermolabile form of this enzyme. It has a defect in fructose-1,6-diphosphate aldolase and at least one additional temperature-sensitive lesion. Both strains GH352 and NP315, a temperature-sensitive aldolase mutant, show rapid cessation of 32p, incorporation into nucleic acids and phospholipids at 42 C. These characteristics of strain GH352 are therefore no longer attributed to thermolabile phospholipid synthesis, but can be attributed to the fructose-1,6-diphosphate aldolase lesion. Hechemy and Goldfine have described a temperature-sensitive mutant of Escherichia coli, strain GH352, with a thermolabile acyl coenzyme A (CoA):monoacylglycerol 3-phosphate (P) acyltransferase (6). The enzyme defect was demonstrated initially by kinetic assay of "4C-labeled sn-glycerol-3-P incorporation into monoacylglycerol-3-P and phosphatidic acid catalyzed by heated particles prepared from the mutant and the parent strain, E. coli CR34. It was confirmed by spectrophotometric assay of acyl CoA:1-acylglycerol-3-P acyltransferase in heated particles. Later studies by one of us (J.P.M.) showed that this mutant is also defective in fructose-1,6-diphosphate aldolase. These results and an inability to reproduce the demonstration of the thermolability of the acyl CoA: monoacylglycerol-3-P acyltransferase have led us to reevaluate the presumed physiological consequences of thermolabile phospholipid synthesis in this strain.
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MATERIALS AND METHODS
Ceols and growth media. The strains used in this study are described in Table 1 . Minimal medium consisted of (in grams per liter of distilled water): K2HPO4, 7; KH2PO4, 3; (NH4)2S04, 2; MgSO4, 0.1; and dextrose, 2. When other carbon and energy sources were substituted for dextrose (glucose) they were present in a concentration of 2 g per liter. Amino acid supplements were added to a concentration of 10 ,sg/ml; vitamin B1, 1 ,sg/ml; and adenosine sulfate, 30 ,g/ml. L broth contains (in grams per liter of distilled water): tryptone (Difco), 10; yeast extract (Difco), 5; and NaCl, 10. L agar contains the above constituents plus 1% agar. The pH was adjusted to 7.0.
Conjugation. For conjugation with F' strains, a log-phase broth culture of the recipient strain (1 x 108 to 2 x 108 cells/ml) was diluted 10-fold into fresh broth. One milliliter of this diluted culture was mated with 1 ml of the donor strain, which was also in the log phase of growth, at 30 C, for 1 h without shaking. The cells were washed twice in 0.9% saline solution and resuspended in 2 ml of saline. Recombinants were selected on appropriately supplemented minimal media. When conjugation was performed with Hfr strains, the log-phase culture of the donor strain was diluted 10-fold and the culture of the recipient strain was used undiluted.
Enzyme assays. Acyl CoA:sn-glycerol-3-P acyltransferase (first acyltransferase) and acyl CoA:monoacyl sn-glycerol-3-P acyltransferase (second acyltransferase) were assayed by measuring the rate of incorporation of uniformly "4C-labeled snglycerol-3-P into monoacylglycerolphosphate and phosphatidic acid as a function of time. Isolation of the radioactive monoacylglycerolphosphate and phosphatidic acid by thin-layer chromatography was carried out essentially as described (4, 6) except for the extraction of lipids from the assay mixture (12) . The rate of phosphatidic acid formation was measured during the linear phase of incorporation, which began after a lag of approximately 5 min. The spectrophotometric assay for the second acyltransferase was performed as described (6) . Fructose-1,6-diphosphate aldolase, which will be referred to as aldolase, was assayed by colorimetric measurement of triose hydrazone as described by Sibley and Lehninger (11) and modified by Dounce et al. (3) . Protein was measured by use of a biuret reagent (5) . Measurement of nucleic acid and phospholipid synthesis in whole cells. The rate of incorporation of 32p, was measured in cultures growing in Trypticase soy broth (BBL) containing thymine (10 jsg/ml). At stated intervals, 0.5-ml fractions of the cultures were added to 0.05 ml of cold 50% trichloroacetic acid and the tubes were placed in ice. The samples were stored argG-, metB-, his-, thy-, leu-, recA-, mtl-, xyl-, E. coli Genetic Stock Center mat-, gal-, lac-, strR, F' JC12A met-adec strs gal-lac-mtl-xyl-Tl,5,6R Hfr J. Fins NP315 (h8) thi-RCrelfda-Hfr F. C. Neidhardt at -20 C overnight, thawed, and filtered onto Amberlite WB-2 anion exchange papers by means of the device described by Shibuya and Maruo (10) . After chromatography in the solvent system they described, the phosphatidylethanolamine and phosphatidylglycerol bands were located by radioautography, cut out, and counted in a liquid scintillation spectrometer as described (6 Aldolase activity in E. coli GH352. Extracts prepared from strain GH352 grown on glucose at 30 C have very low aldolase activity compared to extracts of the parent strain CR34 (Table 2 ). E. coli NP315 fda was also assayed and had similar low activity. Boick and Neidhardt (1) suggested min 60 on the E. coli chromosome as the approximate map location of aldolase and recent work of Ruffler and Bock has indicated min 55 as the more precise location of this gene (9) . We have obtained recombinants of strain GH352 with E. coli KLF16 an F' strain which covers the region from min 53 to 60 of the chromosome (8) . These recombinants were selected for thy+ (min 54) at 30 C. Although all four of the thy+ recombinants tested had normal aldolase activity (Table 2) , they were unable to grow at 42 C on glucose-minimal medium but were able to grow on L agar at 42 C. It appears that there is at least one additional temperature-sensitive locus in strain GH352. The temperature-sensitive nature of the aldolase lesion in strain GH352 is indicated by the finding that fda+ recombinants grew at 36 C on glucose-minimal medium, but strain GH352 did not.
Acyl CoA:monoacylglycerophosphate acyltransferase of strain GH352. Attempts to reproduce previous experiments which demonstrated a thermolabile acyltransferase in this strain have been unsuccessful. Particles were heated for varying intervals of time up to 2 h at 42 and 45 C prior to the spectrophotometric assay, and for 2 h at 42 C, 1.25 h at 45 C, or 1.0 h at 48 C prior to the radioassay (6) . We had previously found using the radioactive assay that the rate of phosphatidic acid formation catalyzed by particles from strain CR34 was diminis'hed 15% by preincubation at 42 C for 2 h, but preincubation of particles from strain GH352 under the same conditions resulted in a 65% decrease in the rate of formation of phosphatidic acid (6) . In recent assays after preincubation at 42 C, there was no change in the rate of formation of phosphatidic acid catalyzed by particles from strain CR34, and an average loss of only 7% of the activity in strain GH352 particles (three experiments). The unheated particles from strains CR34 and GH352 gave average rates of phosphatidic acid formation of 1.0 and 1.5 nmol/min per mg of protein, respectively. Using the spectrophotometric assay, which precludes the addition of mercaptoethanol to the preincubation mixture, resulting in a greater rate of heat inactivation at 42 C (6), we recently observed in four experiments 52% inactivation of monoacylglycerophosphate acyltransferase in strain CR34 particles, and 41% inactivation in strain GH352 particles, both after 2-h preincubation at 42 C. Previously, we 0 had observed 53% inactivation of strain CR34 a enzyme and 95% inactivation of strain GH352 -enzyme using the same preincubation condia tions (6) . Although these results are consistently different from those we had previously obtained, it is possible that we were in error concerning the designation of strain GH352 as a monoacylglycerophosphate acyltransferase mutant. Loss of the original characteristics of this strain may have been the result of more rapid growth rates in revertants or more rapid death of the mutants upon storage. We are not able to demonstrate the thermolabile acyltransferase in stocks of strain GH352 that had been stored in 50% glycerol at -20 C, in cells from stabs, maintained in this laboratory, which had gone through several subcultures, or in cells from stabs maintained by J. Gross and M. M. Gross at the Microbial Genetics Research Unit in Edinburgh, Scotland. Since strain GH352 has other temperature-sensitive mutations and stocks were routinely screened for their inability to grow at 42 C, the loss of this temperature-sensitive lesion, either through reversion or greater death rate, could have been easily overlooked.
Physiological consequences of a fructose-1,6-diphosphate aldolase lesion. We had pre-E viously shown that when cells of strain GH352 in the log phase of growth at 30 C were shifted to 42 C there was a rapid decrease in the -rates of phospholipid and nucleic acid synthesis. Protein synthesis did not decline below the°0 initial rate for 1 h at 42 C (6). These results had been attributed to the temperature-sensitive 0 122, 1975 SU, MERLIE, AND GOLDFINE lesion in phospholipid synthesis. We have reexamined these phenomena in strain GH352 fda which does not have a thermolabile acyltransferase. Nucleic acid and phospholipid synthesis in strain GH352 stopped very soon after a shift to 42 C, as had been observed when the thermolabile acyltransferase was found (Fig. 1) . When the aldolase mutation in strain GH352 was removed by conjugation with an Hfr strain, JC12A, the resultant fda+ recombinants, for example strain TLBT 24 ( C, but "4CO2 production from C6 was decreased 5-to 10-fold at the higher temperature. Growth was inhibited by glucose, galactose, gluconate, ribose, or lactose when cells were being grown on glycerol at 40 C. These effects were attributed to an observed accumulation of fructose diphosphate at 40 C in the presence of glucose or gluconate (1, 2).
The evidence for the thermosensitive nature of the fructose-1,6-diphosphate aldolase in strain GH352 is less complete. The cells have low aldolase activity when grown at 30 C, which is similar to that of strain NP315. Growth on glucose, fructose, and gluconate is observed at 30 but not 42 C. Growth on glycerol or succinate occurs at both temperatures. An fda+ recombinant of strain GH352 grew at 35 C on glucoseminimal medium, but strain GH352 did not. Therefore, we conclude that the fda lesion is presumptively ts.
Bock and Neidhardt showed that a consequence of a temperature-sensitive aldolase was a rapid cessation of ribonucleic acid and deoxyribonucleic acid synthesis at the non-permissive temperature. They also showed that protein synthesis continued for up to 3 h at a diminished rate (2) . We have made similar observations on strain GH352 except that an enhanced rate of protein synthesis was shown 20 min after the temperature shift (6) . The results presented in this paper demonstrate that a cessation of phospholipid synthesis is an additional consequence of a temperature-sensitive aldolase at non-permissive temperatures. Both Bock and Neidhardt (2) and we (6) have shown that the cessation of macromolecular synthesis is not the result of a defect in energy metabolism insofar as the formation of adenosine triphosphate appears to be normal in temperature-sensitive aldolase strains at their non-permissive temperatures.
We have not studied the cause of cessation of macromolecular synthesis in aldolase temperature-sensitive strains further. Bock and Neidhardt showed a greatly increased level of fructose-1,6-diphosphate in inhibited cells and came to the tentative conclusion that accumulation of this compound may have resulted in the observed inhibition (2). Stribling and Perham have recently demonstrated the presence of two forms of fructose diphosphate aldolase in E. coli (Crookes' strain) (13) . One of these, designated class II, is typical of bacteria and was the only fructose diphosphate aldolase found in cells grown on glucose. A class I aldolase was found along with the class II enzyme in cells grown on pyruvate and lactate. It is possible that strains NP315 and GH352 are able to grow at 42 C in glycerol and succinate because of the presence of the class I enzyme, but we have not examined these cells for aldolase activity.
